Background: Thoracic surgery often results in severe postoperative pain. Regional analgesia via surgically placed extrapleural local anaesthetic (LA) and continuous infusion (CI) is an effective technique, however usually requires supplemental opioid to achieve satisfactory patient analgesia. We hypothesized that high frequency, low background rate extrapleural programmed intermittent boluses (PIB) of LA by could achieve superior patient analgesia and reduced oral morphine equivalent daily dosage (OMEDD) requirements for up to 3 days after thoracic surgery vs. CI. Methods: We retrospectively analysed data from 84 adult patients receiving extrapleural analgesia after thoracic surgery in a single tertiary teaching hospital. The primary outcome measure was the effect of PIB vs. CI on maximum daily 11-point numerical rating scale (NRS-11) ratings as determined by multivariate linear regression analysis, corrected for OMEDD use, total daily LA dose, surgery type, age, opioid type, and use of ketamine analgesia. Secondary outcome measures were the effect on OMEDD use, the effect of total 'rescue' LA boluses, and univariate analyses of the above outcomes and variables. Results: PIB on day 0, and a higher proportion of LA given as rescue boluses on day 1 were associated with reduced maximum NRS-11 ratings [standardized/ [unstandardized] beta coefficient -0.34/ [-0.92 NRS-11 if PIB] (P = 0.007); and -0.26/ [-0.029 NRS-11 per mg/kg extrapleural ropivacaine] (P = 0.03)], respectively. Only patient age was associated with reduced OMEDD use [day 0: -0.58/ [-4.4 OMEDDs per year of age] (P ≤ 0.005); day 1: -0.49/ [-3.56 OMEDDs per year of age] (P ≤ 0.005); day 2: -0.32/ [-1.9 OMEDDs per year of age] (P = 0.04)]. OMEDD use on day 2, however, was associated with slightly higher maximum NRS-11 ratings [+0.28/ +0.006 NRS-11 per mg OMEDD (P = 0.036)]. On univariate analysis, PIB patients achieved the largest difference in OMEDD use [-98 mg (95% CI -73 to -123 mg)] and NRS-11 ratings [-1.1 (-0.4 to -1.8)] against CI patients on day 3. Conclusions: Use of high frequency, low background rate PIB extrapleural LA after thoracic surgery appears to have a modest beneficial effect on acute pain, but not OMEDD use, over CI when adjusted for patient, surgical and other analgesic factors after thoracic surgery. Further work is required to elucidate the potential magnitude of effect that extrapleural LA given by PIB over CI can achieve.
Background
The management of pain after thoracotomy and videoassisted thoracoscopic surgery (VATS) is important given that these procedures are considered to be amongst the most painful of operations (1) . Optimising analgesia in this context may avoid significant morbidity including atelectasis, intra-pulmonary shunting, hypoxaemia, infection, delayed mobilisation, longer hospital stay, and chronic pain (2) . Surgically sited extrapleural local anaesthetic (LA) blocks and catheters can safely provide effective analgesia for patients for several days following thoracotomy and VATS (3) . Extrapleural LA delivery via indwelling catheter permits analgesic neural blockade beyond the duration of a single dose. Traditionally this has been done by continuous infusion (CI), however doubts remain regarding the maximal efficacy of CI as the extrapleural space is large, potentially restricting the range of spinal nerves covered by LA (4) . This is of particular concern as infusion rates are restricted by maximum recommended daily LA doses to 28 Copyright © 2019, Author(s). This is an open-access article distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/) which permits copy and redistribute the material just in noncommercial usages, provided the original work is properly cited. mg/h ropivacaine (14 mL/h ropivacaine 0.2%) (5) . In a similar manner to the concept of the use of 'rescue boluses' of larger doses of LA to re-establish analgesia via epidural catheters, programmed intermittent boluses (PIB) theoretically offers a potential advantage over CI by achieving a larger range of spinal nerves covered by LA in the extrapleural space.
PIB has achieved superior analgesia over CI via the epidural (6) , femoral (7) , adductor canal (8) and popliteal (9) routes. Prospective randomised studies conducted specifically in thoracic surgery however suggest no difference in efficacy (10) , or inferiority, of PIB to CI. These studies have not explored the efficacy of higher PIB frequency than 6-hourly with a low background infusion. In order to explore the potential benefit of high frequency, low background rate extrapleural PIB LA, from 2016 our tertiary centre introduced dedicated regional analgesia delivery devices that were capable of automated intermittent bolusing with a continuous background infusion rate, and our acute pain service formalised a standard PIB protocol that could be activated according to clinician discretion after a regional LA catheter was placed. We hypothesized that high frequency, low background infusion extrapleural PIB could achieve superior patient analgesia and reduced oral morphine equivalent daily dosage (OMEDD) requirements for up to 3 days after thoracic surgery when compared against CI and adjusted for patient factors, daily LA doses, surgery type, and adjunctive analgesic techniques.
Methods

Following
institutional ethics review (LNR/17/Austin/466), we conducted a retrospective, singlecentred, observational study to assess adult patients who received LA via a surgically sited extrapleural paravertebral catheter following VATS or thoracotomy at the Austin Hospital from September 2016 to November 2017. The Austin Hospital is a tertiary level university teaching hospital in Melbourne, Australia, with a dedicated high-volume thoracic surgical service.
The extrapleural paravertebral catheters were all placed intraoperatively under direct vision by the surgeon and were loaded with a bolus of 30 mL 0.5% ropivacaine. Our default institutional protocols for analgesia after thoracic surgery are (1) postoperative extrapleural LA continuous infusion of ropivacaine 0.2% at 10 mL/h (range 0 -14 mL/h); or background continuous infusion of ropivacaine 0.2% at 5 mL/h (range 0 -5 mL/h) with 2 hourly programmed boluses of 6 mL (range 0 -10 mL); and (2) intravenous opioid delivered by patient controlled analgesia (PCA) of one of: morphine 1 mg demand dose/5 min; fentanyl 20 mcg demand dose/5 min; or oxycodone 1mg demand dose/5 min. The initial choice of either LA regimen and PCA opioid type was at the discretion of the treating anaesthetist. Subsequent changes to LA infusion and opioid orders were made by the acute pain service on daily patient review to achieve postoperative recovery goals e.g. effective deep breath and cough, ability to sit out of bed, and mobilisation, rather than NRS-11 scores alone. LA bolus doses, but not frequency (if PIB)/or infusion rate (if CI) were increased if the above recovery goals were not met; both dose and frequency/infusion rate were reduced if patients reported early symptoms of local anaesthetic systemic toxicity (LAST), e.g. perioral numbness or tingling. Regular and/or breakthrough adjunctive analgesics (paracetamol; non-steroidal anti-inflammatory analgesics; tramadol) were prescribed if no patient contraindications were present. If patients did not meet the above recovery goals our extrapleural prescription protocol suggested 2 rescue boluses of 12 mL 0.2% extrapleural ropivacaine at least 20 mins apart as needed. Patients were instructed to use their PCA to achieve satisfactory analgesia, and to achieve deep breathing and coughing four times a day without prohibitive pain.
Patients were included for analysis if they underwent thoracotomy or VATS, and had a surgically sited extrapleural catheter for delivery of LA. Patients were excluded if they had thoracotomy or VATS for minimally invasive cardiac surgery, oesophagectomy, or any combined abdominal and thoracic procedure. Patients were also excluded if they received intrathecal morphine or were opioidtolerant pre-operatively, defined as greater than 50 mg of oral morphine equivalent daily doses (OMEDDs) (11). In addition, patients were excluded if they had already been included earlier in the study period, or if they underwent multiple procedures during the one hospital admission.
Patient's demographic information, NRS-11 pain assessments, total LA infusion and bolus doses, and length of hospital stay were retrieved from our institution's medical records. Post-operative opiate use via oral and parenteral administration, including patient-controlled analgesia, was recorded and converted to OMEDDs as per Australian and New Zealand College of Anaesthetists (ANZCA) and Faculty of Pain Medicine (FPM) official documents (12) . NRS-11 pain ratings were obtained by ward nursing staff with patients asked to provide a verbal rating on the severity of their pain from zero to ten, where zero is no pain and ten is the worst pain imaginable. The maximum and minimum pain scores in each 24-hour postoperative period for 3 postoperative days were recorded. We selected these pain outcomes to represent pain at times of greatest activity (e.g. physiotherapy, deep breathing and coughing, transfers from bed) versus those at times of quiet rest (representing times of best possible analgesia). "Twenty-2
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four-hour period" was defined as 0800 -0800 hrs, with day 0 defined as operation start time to 0800 h the following day. Adverse outcomes, including the activation of the intensive care unit's medical emergency team (MET), symptoms of local anaesthetic systemic toxicity (LAST) or resuscitation team involvement via a cardio-respiratory arrest notification, were documented.
Patients were defined as receiving extrapleural LA continuous infusion (CI) if there were initially prescribed CI at time of operation, and received less than 10% of their subsequent 24-hour period LA dose by rescue boluses ordered by our acute pain service. This 10% proportion of bolus doses was established to account for our rescue bolus protocol as defined above.
The primary outcome measure was comparison of the effect of PIB vs. CI on maximum daily 11-point numerical rating scale (NRS-11) ratings as determined by multivariate linear regression analysis, corrected for OMEDD use, total daily LA dose regardless of CI, PIB or rescue bolus route, surgery type, age, opioid PCA type, and use of ketamine analgesia. Secondary outcome measures were the effect of the above covariates on OMEDD use, and the effect of total 'rescue' LA boluses on the above outcome measures, by multivariate linear regression. We also performed univariate analyses of the above outcomes and variables to assist the quantification of the possible effect sizes of statistically significant covariates.
Statistical Methodology
Covariates for the multivariate linear regression model were selected manually based on the likelihood of clinical influence on the outcome of interest. Sample size for the regression model was in keeping with recommended limits of one covariate for every ten samples (13) . We reported standardised beta coefficients to compare the relative effects of different covariates on the outcome of interest, as well as unstandardised beta coefficients to provide a point estimate of the magnitude of effect of each covariate on the outcome of interest. For univariate analyses, continuous data was tested for normality using the D'Agnostino-Pearson omnibus test, and groups compared using Student's t-test (two-tailed, P value < 0.05 considered statistically significant). A power calculation based on a previous audit, (mean OMEDD requirements 167 mg, SD 80mg postoperative day 1) with an alpha of 0.05, beta of 0.8, and an expected decrease of 30%, yielded a sample size of 90 patients. Data analyses were performed using Graph-Pad Prism version 6.0 (GraphPad Software, La Jolla California) and SPSS V 21 for Mac (IBM, New York, USA).
Results
A total of 101 patients received extrapleural analgesia. Overall, 17 patients were excluded, comprising seven patients who were opioid tolerant pre-operatively, three patients who had an oesophagectomy, one patient who underwent multiple procedures, and six patients who had insufficient data. 84 patients were included in the final analysis ( Figure 1 ). No single patient received a higher daily ropivacaine dose than the manufacturer's recommendation of 770 mg/day (5) . Patient demographics are listed in Table 1 . See Tables 2 and 3 for results of the multivariate linear regression modelling for covariates affecting maximum daily NRS-11 and OMEDD use, respectively. Mean maximum daily NRS-11 pain ratings were highest day 0 (6.4) improving to day 3 (5.7), whilst mean minimum daily NRS-11 ratings over the same period were (1.1) and (0.3). Mean length of stay was 6 days. On univariate analysis, use of PIB appeared to have a significant increasing effect on lower OMEDD use as postoperative days progressed [largest difference day 3 (mean/SD: 98 mg/25 mg); Figure 2 ]. Similarly, PIB appeared to have a modest effect on reducing NRS-11 [largest difference postoperative day 2: (mean/SD 1.1/0.7); Figure 3 ]. OMEDD Usage (mg)
Post-operative Day
CI Group
PIB Group p = 0.10 p = 0.08 p = 0.001 Figure 2 . A comparison of the mean post-operative OMEDD consumption between the continuous infusion (CI) group and the programmed intermittent bolus (PIB) group on each post-operative day (POD). CI: continuous infusion, less than 10% of the total daily ropivacaine dose delivered as a bolus; PIB: programmed intermittent bolus, more than 10% of the total daily ropivacaine dose delivered as a bolus; OMEDD: oral morphine equivalent daily dose; mg: milligrams; POD: post-operative day. Error bars are mean ± standard error of the mean (SEM). 
Post-operative Day
CI Group
PIB Group
Maximum Pain Score (NRS) Figure 3 . A comparison of mean post-operative numerical rating scale (NRS) pain scores between the continuous infusion (CI) group and the programmed intermittent bolus (PIB) group on each post-operative day (POD). CI: continuous infusion, less than 10% of the total daily ropivacaine dose delivered as a bolus; PIB: programmed intermittent bolus, more than 10% of the total daily ropivacaine dose delivered as a bolus; NRS-11: 11-point Numerical Rating Scale. Error bars are mean ± standard error of the mean (SEM).
Adverse Events
There were three MET calls and one code blue noted in this patient population throughout the study period. One code blue was called for a patient in the CI group, which was secondary to a vasovagal episode with complete resolution. Two patients in the PIB group had MET calls for type II respiratory failure in the setting of severe underlying pulmonary disease (chronic obstructive pulmonary dis-4
ease, and granulomatosis with polyangiitis, respectively), both of which resulted in unplanned admissions to the intensive care unit. A third patient in the PIB group required a MET call for supraventricular tachycardia which resolved with intervention on the ward. Outside of MET calls and code blues, there was only one additional adverse event with a patient in the CI group experiencing peri-oral numbness and tingling. The LA infusion was immediately ceased and symptoms subsequently resolved.
Discussion
We report results from a retrospective cohort of thoracic surgery patients in a single-centre tertiary teaching hospital who received extrapleural LA by either continuous infusion (CI) or programmed intermittent bolusing (PIB). In keeping with our primary outcome hypothesis, extrapleural LA boluses, whether as part of default prescription of PIB from time of surgery, or total proportion of boluses of LA per daily LA amount, were associated with lower maximum daily NRS-11 ratings. Moreover, the point estimate of the largest effect size of PIB over the study period on maximum daily NRS-11 is remarkably similar between the univariate and multivariate analyses (approximately 1.1 vs. 0.9 NRS-11 units respectively). This is consistent with no other significant patient, surgical or analgesic factors affecting daily maximum NRS-11 ratings in our multivariate model ( Table 2) , including accounting for total daily LA doses. Conversely, whilst PIB appeared to significantly lower OMEDD use against CI in the univariate analysis, the lack of effect of PIB vs. CI in our multivariate model suggests that other confounding factors had greater influence on the observed difference in OMEDD use.
Two prospective randomised trials have compared paravertebral PIB to CI in thoracic surgery. Fibla et al.'s (10) study showed no difference, whereas Catala et al. (14) found PIB to be inferior. We believe our study's findings warrant further prospective investigation as the bolus frequency in these prior studies was much lower at 6 hourly, and were without a continuous background infusion. Moreover, in both Fibla et al. and Catala et al.'s work the LA catheters were paravertebral rather than extrapleural. Whilst it is commonly accepted that these spaces are identical, controversy exists over the ability of a percutaneously placed paravertebral catheter to be reliably positioned relative to the endothoracic fascia, potentially affecting LA analgesic efficacy (15, 16) . This limitation does not exist for surgically placed extrapleural LA catheters as the endothoracic fascia is on view. The variability in outcome observed when PIB vs. CI via regional analgesia catheters for non-thoracic surgery has been studied and has been proposed by investigators to be due to LA volume rather than absolute dose, a factor which may have influenced our findings in favour of PIB (7) (8) (9) .
Although the overall maximum daily NRS-11 pain ratings gave the appearance of suboptimal analgesia, these assessments would most likely be during times of deep breathing and coughing; the minimum daily NRS-11 pain assessments in our study showed that at rest, most patients had none, or insignificant pain (Table 1) . Whilst not powered to detect differences in adverse outcomes, we were reassured to observe that most critical incidences in the study patients were not related to local anaesthetic systemic toxicity (LAST), and that the one patient with suspected symptoms of high plasma LA concentrations was in fact receiving CI, not PIB. Although only a single incident, this is particularly reassuring as LAST is proposed to be more strongly related to sudden increases in, rather than absolute values of, plasma LA concentrations (17) .
Whilst patient age was not a statistically significant covariate affecting NRS-11 pain ratings in our study, there was a profound inverse relationship with OMEDD use. The phenomenon of reduced opioid doses required to achieve given levels of analgesia in older patients is wellrecognised (18) , and the magnitude of this effect (up to 2-4 times more pharmacodynamic efficacy than in younger patients) (19) may explain the profound effect patient age had in our study compared to the primary intervention of interest.
Our finding of the negative effect of increasing OMEDD use on NRS-11 pain ratings appears counter-intuitive; however emerging evidence supports psychological factors such as anxiety, depression and pain catastrophising as patient factors associated with both higher postoperative OMEDD use and higher reported pain ratings (20) particularly where PCA allows on-demand patient initiated opioid dosing (21) . This was not a patient factor accounted for in our study and may explain the observed findings.
This study is limited by its small sample size and singlecentre retrospective cohort nature. However, our hospital has all the typical characteristics of many tertiary institutions' thoracic units, and the surgical and anaesthesia perioperative protocols adopted by our centre are aligned with those in many other tertiary centres. Our findings on multivariate modelling assume a linear relationship between covariates and outcomes, which may not reflect the pattern of response of the variables analysed. Whilst our sample size has adhered to the recommended ratio of covariates analysed to number of samples (13) , all samples were required to generate the regression equation, leaving none to submit to model testing. The retrospective nature of the data included could also introduce sources of error in the variables recorded.
We did not include endpoints of length of stay or other Anesth Pain Med. 2019; 9(5):e97052. 5 major postoperative complications as the retrospective nature of the study and the available sample size limited the capacity to detect changes in these variables. Our finding of an average reduction in NRS-11 pain ratings of approximately 1.0, whilst statistically significant, may not be viewed as clinically significant in this context. For this reason and all afore-mentioned limitations, our findings should be considered hypothesis-forming, and further randomised prospective work would serve well in elucidating the effect of PIB vs. CI on other clinically important and patient-centred outcomes. As the ideal programmed intermittent bolusing regimen for extrapleural analgesia remains to be determined (22) , we believe our study adds direction to further prospective work on the efficacy of higher-frequency PIB for thoracic surgical postoperative analgesia.
Conclusions
Use of an extrapleural local anaesthetic programmed intermittent bolus regime with initial prescription of ropivacaine 0.2% at 5 mL/h background infusion and boluses of 6 mL every 2 hours for acute pain after thoracic surgery is associated with a modest reduction in maximum daily NRS-11 pain assessments, when compared against initial prescription extrapleural continuous infusion of ropivacaine 0.2% at 10 mL/h, after adjusting for total local anaesthetic dose, and adjunctive analgesic, surgical and patient factors. Consistent with prior published data, patient age was the strongest analysed factor affecting pain outcomes, with a profound effect on postoperative opioid requirements; conversely, increased opioid usage via patient-controlled analgesia was associated with higher NRS-11 pain assessments. Further randomised prospective work is required to confirm the beneficial association of PIB and improved postoperative pain outcomes. 
Footnotes
